Responses in heart rate and blood pressure to the dive in unanesthetized rats were studied by submersion of the head in water for 30 sec.During the dive,remarkable bradycardia developed and blood pressure was slightly elevated.Bilateral section of the carotid sinus nerves or selective destruction of the carotid body chemoreceptor by intrasinusal injection of acetic acid attenuated the bradycardic response to the dive,while section of the recurrent nerves or section of the sympathetic trunks at the cervical level together with the superior laryngeal nerves had no effect.These data indicate that the chemoreceptor plays an important role in diving bradycardia in rats.
The physiological events which characterize the diving response have been demonstrated through studies of diving birds and mammals including man DER,1961; ANDERSEN,1966; ELSNER,1969; YONCE,1970) .The most remarkable responses to the dive are bradycardia and cessation of respiration.Diving bradycardia has been considered reflex in nature,but its neural mechanism has not been fully understood.With regard to the initiation of the cardiovascular responses, at least two reflex mechanisms are believed to be responsible:firstly,a trigeminal reflex (ANDERSEN,1963) ,and secondly,an arterial chemoreceptor reflex involving stimulation of the carotid bodies by progressive hypoxia and hypercapnia (HOL-LENBERG and UVNAES,1963; JONES and PURVES,1970; ANGELL-JAMES and 1973) .Although it is believed that the chemoreceptor plays an essential role in the diving response,evidence against the role of the peripheral chemoreceptor in diving bradycardia was also reported (HOLM and SORENSEN,1970) .
In view of the disputed role of the chemoreceptor in diving response,the present study was made on rats.
METHODS
Rats of either sex weighing 200-350g and of Long-Evans strain were used. Under ether anesthesia,the femoral artery was cannulated with a PE 50 tube. Then the rat was fixed in prone position,on wooden board having a 30 degree slope,with the head kept downward.The head of the rat was held snugly by a clamp around the neck.After awakening from the ether anesthesia,the head was immersed for 30 sec in water,contained in a bottle whose orifice fit the head,to simulate the dive.The arterial blood pressure and the heart rate were simultaneously monitored on a Grass model 7 polygraph,the former with a Statham P23 DC transducer,ECG lead 2 and the latter by a tachograph triggered by the blood pressure pulse.The pressure transducer was fixed at the heart level throughout the experiment.The heart rate was counted from the tracings by using a magnifying lens.Surgical operations were performed under an operation microscope(Olympus MTX).
The carotid sinus nerves(csn)were sectioned bilaterally at origin in one group of rats.The recurrent nerves were sectioned bilaterally at the middle of the trachea in the other group.The sympathetic trunks at the cervical level and the superior laryngeal nerves were sectioned bilaterally in the third group.In the fourth group of rats,the external carotid arteries were cannulated bilaterally.A PE 10 tube close to the sinus region,leaving the internal carotid artery intact.After awakening the cannulated rats from ether anesthesia,an intrasinusal(i.s.)injection of 0.2ml of 0.5N acetic acid to destroy the chemoreceptor was performed bilaterally (GERNANDT,1946; COMROE,1964) .
The data of each test was compared with a paired t test. 
RESULTS

DISCUSSION
Characteristic cardiovascular adjustments to the dive have been extensively studied.The reflex bradycardia associated with diving appears to depend upon different mechanisms in different species of animals.It has been reported that Fig.2 . Effect of destruction of the carotid chemoreceptors by acetic acid on the diving response in rat.The arrangement of the tracings is the same as in Fig.1.2-1 .Intact control.Diving bradycardia appears.2-2.After intrasinusal injection of acetic acid. Diving bradycardia disappears. diving bradycardia is induced by receptors in the beak of ducks(ANDERSEN, while it is initiated by proprioceptors in the thorax in geese (COHN et al.,1968) . Others (ANDERSEN,1963; FEIGL and FOLKOW,1963) hold the opinion that submersion of the nares initiates the diving reflex,and stimulation of the chemoreceptors by the gradual development of the hypercapnia and the hypoxia reinforces the fully developed response.In studies of responses to immersion in man,it was claimed that face immersion is an essential predisposing factor for the diving response (CAMPBELL et al.,1969) . ASMUSSEN and KRISTIANSSON(1968) reported that in man,if face immersion elicits bradycardia on a reflex basis,the reflex is inconsistent and evanescent,and considered that the principal determinant of bradycardia appears to be associated with the cessation of respiration .However, another type of receptor,such as the cold receptor of the skin ,may participate in the initiation of the diving response (PAULEV,1968; SONG et al .,1969) . The present experiment shows that the receptors in the carotid sinus region play an important role in diving bradycardia in rats,because carotid sinus denervation eliminated the response.The receptors seem unlikely to be the baroreceptor , because the destruction of the chemoreceptors by an injection of acetic acid in the sinus region abolishes the bradycardic response,although the acetic acid administered by this route may also enter into the brain to affect the heart rate response .
Other evidence also indicates that baroreceptors are not essential in the diving response (JOHANSEN and AAKHUS,1963; FOLKOW et al.,1967) . DALY and SCOTT (1963) reported that the primary cardiovascular response to activation of the carotid chemoreceptors consists of bradycardia,arteriolar constriction and increased adrenal secretion of catecholamines.The cardiac effect is brought about by increased parasympathetic and decreased sympathetic activity,while vasoconstriction results from an increase in the rate of efferent sympathetic constrictor impulses. The present study shows that diving bradycardia is not affected by section of either the bilateral recurrent nerves or the sympathetic nerves in the neck plus the superior laryngeal nerves,in which the aortic nerve is reported to travel in rat .The aortic chemoreceptor seems to be unimportant in rat,because it is known that no chemosensory fibers exist in the aortic nerve (KRIEGER and MARSEILLAN ,1963) .
The mechanism of blood pressure adjustment to the dive was considered to result from highly differentiated action,i.e.,increased sympathetic discharge to one area and decreased discharge to another (FoLKOW et al.,1967) .It is not clear how carotid sinus denervation or chemoreceptor destruction affects the highly differentiated mechanism of blood pressure adjustment to the dive.
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